Currently arsenic contamination in Bangladesh is considered to be the biggest natural calamity in the world in the terms of total population affected in an area. Arsenic is spreading in various ways in the environment and significantly threatening the public health as well as animal health of Bangladesh. With a view to detect the level of arsenic concentration in animal feed chain this study was performed by using the FI-HG-AAS (Flow Injection Hydride Generator Atomic Absorption Spectrophotometer) method. Broken rice and water hyacinth samples, two commonly used animal feeds, were collected from arsenic contaminated areas of Comilla district. After collection, the samples were prepared by a series of steps such as, washing, drying and digestion; finally arsenic was detected by atomic absorption spectrophotometric method. Atomic absorption measures the amount of energy absorbed by the samples. Through this method the type of metal absorbed by the sample can be determined. The mean arsenic concentration in broken rice and water hyacinth were 0.213±0.125 ppm (n=35) and 0.487±0.172 ppm (n=29), respectively. In this study it is found that the level of arsenic both in broken rice and water hyacinth is greater than that of the maximum permissible level in drinking water (0.05 ppm). From the findings of the present study, it can be concluded that in the same arsenic contaminated area, the level of arsenic in water hyacinth is nearly the double of that found in rice due to arsenic accumulating nature of water hyacinth.
INTRODUCTION
Although arsenic is found in nature in its elemental form (arsenic metal), it occurs most commonly in inorganic or organic compounds. Common inorganic arsenic compounds are trivalent arsenic (e.g., arsenite) and pentavalent arsenic (e.g., arsenate). Common organic arsenic compounds are monomethyl arsonic acid, dimethyl arsenic acid and roxarsone (Lau et al., 1987) . Arsenic is a component that is extremely hard to convert to watersoluble or volatile products. The fact that arsenic is naturally a fairly mobile component basically means that large concentrations are not likely to appear on one specific site. This is a good thing, but the negative side to it is that arsenic pollution becomes a wider issue because it easily spreads. Arsenic cannot be mobilized easily when it is immobile. Due to human activities, mainly through mining and melting, naturally immobile arsenics have also mobilized and can now be found on many more places than where they existed naturally (Ministry of Health and Family Welfare Bangladesh).
High arsenic concentration in groundwater is generally associated with the geothermal environments of volcanic deposits, geothermal systems and basin-fill deposits of alluvial lacustrine origin (Welch et al., 1988) . The arsenic disaster of Bangladesh has been called the most terrible environmental catastrophe of the twentieth century. WHO described the condition as "the largest mass poisoning of a population in history" (WHO, 2001 ). About 85 million people are at risk of drinking arsenic contaminated water and foodstuffs (Hossain, 2006; Wahidur, 2006) . In a recent report, Chakraborti et al. (2010) showed that hand tube wells of the tableland and hill tract regions of Bangladesh are primarily free from arsenic contamination, while the flood plain and deltaic region including the coastal region are highly contaminated with arsenic.
Arsenic can enter into food chain causing wide spread distribution throughout the plant and animal kingdoms (Kile et al., 2007) . The evidence of arsenic calamity in animal feed chain is scarce. Contamination of animal feed by arsenic is a newly uncovered disaster on a massive scale (Sapkota et al., 2007) . This poses a potential dietary risk to human, although little research has focused on food as an additional source of arsenic exposure. Food may contribute up to 30-50% of the total dietary intake of arsenic when feed is generated from arsenic contaminated *Corresponding e-mail address: mahmud_ubc@yahoo.ca sources (Naidu et al., 2006) . Exposure to inorganic arsenic can cause various health effects, such as irritation of the stomach and intestines, decreased production of red and white blood cells, skin changes and lung irritation. It is suggested that the uptake of significant amounts of inorganic arsenic can intensify the chances of cancer development, especially the chances of development of skin cancer, lung cancer, liver cancer and lymphatic cancer (Das et al., 2002) . For the above reasons the present study was conducted to detect and estimate arsenic concentration in animal feeds such as broken rice and water hyacinth collected from arsenic contaminated areas of Comilla district.
MATERIALS AND METHODS
The study was carried out for the detection and estimation of arsenic in broken rice and water hyacinth. The experiment was conducted in the Arsenic Detection and Mitigation (ADM) Laboratory, Department of Pharmacology, Bangladesh Agricultural University (BAU), Mymensingh, Bangladesh.
Study Areas
In this study, one arsenic contaminated 6 unions (North Eliotgang, South Eliotgong, North Mohammadpur, South Mohammadpur, East Mohammadpur, and West Mohammadpur) in Daudkandi upazilla of Comilla district were selected and animal feed samples such as broken rice and water hyacinth were collected.
Collection of samples
All required samples were collected during the month of July (rainy season) in the years 2011. In all cases, two types of samples (broken rice and water hyacinth) were collected in the five days of sample collection period. A standardized personal interview of each owner was carried out based on a prearranged questionnaire which included the location, name and address of the person from whom samples were collected and the details of the collected samples.
Broken rice and water hyacinth
Broken rice and water hyacinth, used as ration for livestock were considered for possible sources of arsenic contamination. Different varieties of broken rice were considered. The grain of broken rice (that generally consumed by dairy cows and poultry) and water hyacinth (consumed by cattle) were collected in zip-type bag, labeled and kept in a polyethylene bag and finally transferred to the laboratory and stored in desiccators until analysis.
Sample preparation and Digestion
In the laboratory, Department of Pharmacology, BAU, Mymensingh water hyacinth samples were chopped into small pieces for reducing its size. To avoid external contamination and to test actual exposure of arsenic from water hyacinth to cattle, chopped samples were vigorously washed with tap water and finally with distilled water. Broken rice was washed with distilled water and both the samples were oven-dried at 60ºC for 72 hours. Samples were digested following the method proposed by Wang et al. (2006) with a few modifications. About 0.45-0.50g water hyacinth biomass was weighed from bulk sample after further drying at 60ºC to maintain constant weight. It was taken separately into digestion tube and 7 ml of 69% concentrated HNO 3 was added. The samples left to react overnight in a chemical "hood", then heated in a block digester (M-24 plazas/samples, JP Selecta, Spain) at 120ºC until colorless clear watery fluid appears. Tubes were gently shaken several times to facilitate destroying all the carbonaceous material. This digestion converts all arsenicals to inorganic arsenic for FI-HG-AAS determination. Digestion was considered complete when production of reddish-orange fumes and foam within the tube had subsided, the solution had become clear and did not bubble or react upon agitation. Tubes were removed from the digestion block, cooled, diluted to 50 ml adding Millipore water and filtered through filter paper (Whatman No. 41) and stored in 50 ml plastic bottles. The sample solution at that stage was ready for determination of its total arsenic. In each set, blank reference material were prepared following same digestion procedures.
Arsenic Detection
Concentrations of arsenic in digested samples were determined using atomic absorption spectrophotometer (AAS), model PG -990 equipped with a computer with atomic absorption (AA) Win software (PG Instruments Ltd., UK) following pre-reduction with KI and KBH 4 to generate AsH 3 (Samanta et al., 1999) . Briefly, samples 
Statistical Analysis
The data were analyzed statistically using Student's 't' test as per method described by Bailey (1981) .
RESULTS AND DISCUSSION Levels of arsenic in broken rice and water hyacinth collected from arsenic contaminated areas.
The results show that concentrations of arsenic in broken rice ranged from 0.08478 to 0.361 ppm with a mean (±SEM) value of 0.213±0.125 ppm (n=35) ( Great fluctuations were found in the concentrations of arsenic in water hyacinth in comparison to that of rice (Figure1). The fluctuations could be due to differences in the absorption and distribution of arsenic in the plant. Moreover, we know that the root of the water hyacinth absorbs and accumulates the highest levels of arsenic than other plants (plants, known for arsenic accumulation/bioindicator, which can effectively remove arsenic and other heavy metals from the aquatic system, for instance, to the tune of 170 and 340 µg As/g dry weight of water hyacinth in its stem and leaves, respectively, when grown in a pond containing 10 mg As/dm 3 (Chigbo et al., 1982) . 
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A comparison of levels of arsenic in shallow tube well water with that of broken rice and water hyacinth collected from arsenic contaminated areas
In this study broken rice and water hyacinth were collected from Daudkandi upazilla in Comilla district and the average concentrations of arsenic were 0.213 ± 0.125 and 0.487 ± 0.172 ppm, respectively. Here we find that the water hyacinth accumulated more arsenic than rice and the later accumulated even lesser amount of arsenic than that of the shallow tube well (~0.455 ppm) water of the same area. The average concentrations of arsenic in shallow tube well water and that found in the rice and water hyacinth are tabulated below (Table. 2) and graphically presented in the (Figure 2 ). Similar findings have also been reported by Chakma (2012) who reported that the mean arsenic concentration in rice and rice straw were 0.235±0.014 ppm (n=48) and 1.149±0.119 ppm (n=51), respectively. Table 2 . A comparison of average arsenic concentration in shallow tubewell water with that found in broken rice and water hyacinth As concentration in shallow tube well water (ppm)
As concentration in broken rice (ppm)
As concentration in water hyacinth (ppm) ~0.455 It was previously reported that the result of the concentration of As in different parts of rice (Oryza sativa L; verities of Bangladesh namely BRRI dhan 28, BRRI dhan 29, BRRI dhan 35, BRRI dhan 36, BRRI hybrid dhan 1) showed significant increased contents of As (P< 0.05) and the order of As concentration was: straw > Husk > brown rice grain > polish rice grain . Another reason could be due to variation in the soil arsenic concentration from plot to plot.
A group based in the Cornell University (USA) carried out an investigation in Brahmanbaria district of Bangladesh and reported that average arsenic concentrations in rice grain and rice straw were 0.45 and 2.00 ppm, respectively (Farid et al., 2005) . These figures are approximately the double of what we found in my study. These variations could be due to differences in soil and water arsenic concentrations in different districts of Bangladesh. The Cornell University group also found significant correlations between arsenic contents of soil, grain and straw (Farid et al., 2005) .
Another research work carried out in Thailand reported that concentrations of inorganic arsenic in polished white, jasmine and sticky rice were 0.068 ± 17.6, 0.068 ± 15.6, and 0.075 ± 24.8 ppm, respectively, while those in the three brown rice samples were 0.124 ± 34.4, 0.120 ± 31.6, and 0.131 ± 35.6 ppm, respectively (Ruangwises et al., 2012) . Thus it is found that arsenic concentration in the brown rice is greater than that of polished rice. However, the concentration of arsenic in Thai rice is almost the half of what we found in the rice collected from Comilla district of Bangladesh.
Detection of arsenic in animal feed chain
This could be due to variation in the soil and water concentration of arsenic. Meanwhile, Islam et al. (2007) reported that the rice grain As concentration was in the range of 0.24 -1.30 ppm having a mean of 0.76 ppm. On the other hand, it is demonstrated that the agricultural soil of Matlab upazilla of Chandpur district become highly contaminated with arsenic due to excessive use of arsenic rich ground water (1.85-5.02 mg/kg). From the household survey, it was observed that daily water consumption by an adult ranged between 4-8 liter.
Concentrations of arsenic in rice grain (with husk) from the contaminated field were varied from 0.01-0.15 mg/kg. Meanwhile, the rice grain (without husk) contained below the detection limit of 0.02 mg/kg of arsenic (Ahmed, 2009 ).
The present study was undertaken to detect and determine arsenic levels in animal feed chain by FI-HG-AAS method and found that the average arsenic concentration in broken rice and water hyacinth were 0.213 ± 0.125 ppm (n=35) and 0.487 ± 0.172 ppm (n=29), respectively. These levels of arsenic in grain and roughage is 4 times and 9 times greater than that of the maximum permissible level of arsenic in drinking water (0.05 ppm, WHO), respectively. Interestingly seed grain (e.g. broken rice) contains less arsenic than the roughage (e.g. water hyacinth). Whereas, animals are mainly fed on roughages, which contains alarming level of arsenic in the arsenic contaminated areas of Comilla district. As shallow tube well water is most frequently used for irrigation which is more contaminated with ground water arsenic than deep tube well water, it leads to arsenic contamination in animal feed chain. Therefore, to minimize or to avoid the risk of arsenic contamination in animal, irrigation should be done with deep tube well water or with natural water such as rain water, pond water and surface water. Animal should be prevented from grazing in the heavily contaminated areas. Instead of arsenic sensitive cultivars, arsenate tolerant cultivars of grain (rice, wheat, maize etc.) can be cultivated in the arsenic contaminated areas of our country. Moreover, phytoextraction by crop rotation can be practiced in arsenic contaminated crop lands. Cultivation of arsenic accumulating plants or crops can be followed by cultivation of rice or other grains. Phytoextraction is a remediation technology with a promising application for removing arsenic from soils and waters. Cucumis sativus (cucumber) has been found to be the best arsenic accumulating plant hence the best candidate plant for phytoextraction of arsenic from soil and water (Hong et al., 2011) . Although it was beyond the scope of the present study, new innovative experiments should be designed to reduce the risk of toxic effect of arsenic in animal body by chemical and/ or herbal method, such as spirulina (Karim, 1999) . The present study is an initial study. More research in this respect should be undertaken with the objective of mitigation of arsenic problem in Bangladesh to save the people as well as livestock.
